Prior work has considered the properties of individual jobs that make them more or less likely to survive in organizations. Yet little research examines how a job's position within a larger job structure affects its life chances and thus the evolution of the larger job structure over time. In this article, we explore the impact of technical interdependence on the dynamics of job structures. We argue that jobs that are more enmeshed in a job structure through these interdependencies are more likely to survive. We test our theory on a quarter-century of personnel and job-description data for the non-academic staff of one of Americas largest public universities. Our results provide support for our key hypotheses: jobs that are more enmeshed in clusters of technical interdependence are less likely to die. At the same time, being part of such a cluster means that a job is more vulnerable if its neighbors disappear. And the "protection" of technical interdependence is contingent: it does not hold in the face of strategic change or other organizational restructurings. We offer implications of our analyses for research in organizational performance, careers, and labor markets.
Introduction
Organization theory invokes the concept of job structures to explain many processes, from the shapes of workers' careers, to organizational learning, to patterns of technological change. Job structures, broadly conceived, are the grouping of tasks into specific jobs and the tying together of those jobs as part of a division of labor within the organization. The fact that jobs are linked is fundamental to all theories of organizations as systems (Scott & Davis 2006) . Furthermore, most theories of macro-organizational behavior rely on "meso-level" mechanisms that invoke tasks, routines, careers, and status hierarchies, all of which relate to one another through a job structure. Organizational ecology for example presumes that routines produce inertia that limit organizational adaptability (Hannan & Freeman 1977 , Hannan & Freeman 1984 ; and routines are hard to change precisely because of the interdependence among jobs. Both contingency theory (Thompson 1967) and neoinstitutional approaches (Meyer & Rowan 1977 , Powell & DiMaggio 1991 presume that organizations have and can protect a technical core of jobs while redesigning or eliminating other jobs to satisfy external actors; this presumes there is variation in how vulnerable to change different jobs in the organization are. A basic question that cuts across many parts of organization theory, then, is how jobs structures change and evolve over time.
Despite the importance of this question, the theoretical elaboration of and empirical research into the causes of change in job structures has often been indirect. Woodward's (1984) classic work on technological contingency hypothesized why an organization might have one job structure or another (see also Thomas (1992) ), but was silent on why any particular job was likely to persist or disappear. The long tradition of strategic design (Thompson 1967 , Lawrence & Lorsch 1967 offers prescriptive advice on how to group tasks into jobs but rarely investigates whether and how organizations change their job structures over time to conform to these prescriptions. Case studies of occupations and professions within organizations detail work reorganizations and suggest mechanisms for why some jobs disappear and others do not (Trist & Bamforth 1951 , Barley 1986 , Smith 1990 , Autor, Levy & Murnane 2002 , Bechky 2003b ), but subsequent work has rarely tried to generalize those mechanisms to other contexts. And while some research has explicitly focused on the "life-chances" of jobs in organizations over time , Miner 1987 , Miner 1991 , Barnett & Miner 1992 , these studies have downplayed or ignored the fact that these jobs are linked together in a structure. All of these approaches have illuminated certain aspects of job change. Yet we do not have studies that directly examine the general effects of location within a job structure on the life-chances of a particular job over time.
In this article, we undertake such an examination. We explore how the technical interdependencies among jobs affect their life chances. We use the term "technical interdependence" in the sense used by Trist & Bamforth (1951) , Mintzberg (1990) , Scott & Davis (2006) , and others, where "technology" broadly refers to the work performed by the organization and "interdependence" refers to the level of cooperation and coordination required among organizational incumbents to perform that work. We hypothesize that, all else equal, jobs that are more technically interdependent with other jobs are less likely to be eliminated. Our hypotheses derive from the premise that jobs that are more enmeshed in such technical relationships, that are more core and less peripheral to the overall job structure, will be more likely to survive. At the same time, technical interdependence should protect jobs less when entire clusters of jobs are being removed, for the same reason.
We exploit a new set of data, comprising some 1,400 unique non-academic jobs occupied by more than 90,000 personnel in one of the nation's largest public universities over nearly a quarter century. A critical aspect of these data is that we have detailed descriptions for each job. We know each position's primary duties and responsibilities, necessary qualifications, and reporting relationships. Mining this detailed textual information enables us to calculate direct measures of task overlap and coordination, rather than relying on proxies like personnel movements. In addition to technical relationships, we control for the individual characteristics of the jobs, such as their educational requirements, the age and feminization of their workforce, and so on. The sheer variety of jobs in this internal labor market makes our findings more generalizable to other settings; and the longitudinal structure of the data lets us include a rich set of fixed effects to control for many sources of unobserved heterogeneity.
We find that jobs that are more technically interdependent with other jobs are indeed less likely to die.
We also find that this relationship is subject to two contingencies, both of which relate to whether changes are being made to whatever cluster the job is part of. First, the death of jobs with which the focal job is interdependent make the focal job more likely to die. Second, technical interdependence does not protect jobs when the organizational sub-units in which they are performed are being restructured.
Our findings make contributions to several parts of organization theory. First, by developing a more concrete method for measuring task overlap, we offer a way to study technical interdependence that can be generalized to other organizations. Second, the types of interdependence within job structures about which we theorize have implications both for organizational performance and survival and also for individual outcomes like careers and occupational segregation. Finally, the methodological approach that we develop here, which combines detailed personnel records with a large corpus of textual data, could be extended to explore other processes that have been documented within organizations but that have been difficult for researchers heretofore to systematically study.
Technical interdependence and job survival
Within organizations, change is experienced as changes to jobs (Cohen 2012) . Speaking analytically, there are three ways that a job can be changed. First, the content of the job can be altered, as when computerization introduces new and different tasks. Second, the relationships between jobs can be altered, as when a reporting hierarchy is shuffled. Third, the job can be eliminated-the job can die. Herein, we theorize about the technical relationships that protect a job from dying.
Organization theory has a specific conception of what it means for a job to die. A job is understood as distinct from the incumbents who perform it or the tasks they perform. Rather, a job is the bundling of a discrete group of tasks to be performed by an individual. In creating such bundles, organizations also typically specify the qualifications that an individual must have to do the job (Cohen 2013) . A job can die, therefore, if the organization stops performing the job's tasks, but more commonly job death is the removal of a specific bundling of tasks, even if some or all of the tasks are still performed (Miner & Estler 1985) . For example, a firm might have a director of sales and marketing; as the firm grows, it appoints separate directors of sales and of marketing, killing the original job while preserving all of the tasks. Nor need job death require firing the old job's incumbent. Job death is fundamentally about the disappearance of positions within job structures.
Prior research uses such a conceptualization of job death. Work on union job control, for example, problematizes which tasks should be bundled together, as the resulting job change is fundamental to the extent of managerial control (Chamberlain 1948 , Noble 1984 , Barker 1993 . Theories of competition among professions (Abbott 1988 , Halpern 1992 , Leicht & Fennell 1997 similarly define turnover among jobs in terms of the allocation or reallocation of tasks to different jurisdictional bundles. Ethnographic studies of work reorganization often operationalize precisely such reallocations of tasks as the death of old jobs and the birth of new ones (Bechky 2003b , Huising & Silbey 2011 . New jobs can involve new tasks, and indeed new technologies or new lines of work are often the genesis of such reorganizations (Trist & Bamforth 1951 , Barley 1986 , Zuboff 1989 . Nonetheless the carving of new jobs from an existing body of organizational tasks is well understood to have implications for the status, identities, and prospects of job incumbents (Barley 1990 , Baron 2004 , Boeker & Wiltbank 2005 .
Quantitative studies of job change also rely heavily on this conception of jobs as positions within organizations, often because information on the task content of specific jobs has been unavailable. Thus for example focus on the proliferation of job titles, assuming that change in the population of formal organizational positions is of interest, even absent information about the underlying task structure.
Similarly Baron, Davis-Blake & Bielby (1986) focus on the existence of formal promotion ladders between positions separately from the actual movements of incumbents between jobs. That jobs are formal positions designed and defined independently of the incumbents who occupy them aligns with organizational theory about bureaucracy (Weber 1968 , DiPrete 1989 and most descriptions of internal labor markets (Doeringer & Piore 1971 , Osterman 1987 ).
In practice, of course, incumbents can shape the jobs into which they move, which means that job death can result from idiosyncratic pressures applied by existing employees as well as from changes in organizational needs or goals (Miner 1987 , Miner 1990 ). Miner's studies of idiosyncratic jobs are a touchstone in research on job death, in part because they underline how complicated it can be to separate the person from the position in many formalized jobs, an idea that has had contributed in particular to the study of the impact of specific managers in shaping new firms (Burton & Beckman 2007 , Beckman & Burton 2008 , Boeker & Wiltbank 2005 . Additionally, her focus on how technical and social relationships within an organization can affect the life-chances of a job (Miner 1991) presages the hypotheses we develop here about the effects of technical interdependence on job survival.
Overall, very few studies of job change consider the disappearance of positions as an important dependent variable. Those that do overwhelmingly focus on the effects of either job content or incumbent characteristics-self-contained properties of the job. Yet it is also important to consider the relationships between jobs in an organization: "To tease out the microprocesses of job death, future studies...should
[model] the interdependence of jobs and people" (Miner (1991, p. 782) ; see also Cohen (2012) ). We think that technical relationships are particularly important to consider because organizational theory has long suggested that being enmeshed in many technical interdependencies should stabilize a job, but few studies have directly measured technical interdependence or its effects.
Technical interdependence should protect jobs by raising the cost and complexity for the organization to eliminate that job. Formal organizations perform a multitude of tasks (Stinchcombe 1990) . A job can be understood as collecting some subset of those tasks together and assigning a single person to perform them. A firm that produces recycled rubber mats to line the beds of pick-up trucks, for example, must sort used tires and feed them into shredders; mold and cure the mats; inspect the quality of the finished mats and the efficiency of the production process; install and maintain the physical plant; sell and distribute the mats; keep financial accounting and control of its operations; and so on. A fundamental component of job design has always been deciding which tasks should be grouped together in or separated between jobs (Blau 1963 , Montgomery 1979 , Noble 1984 , Bechky 2003b ).
If we could see through the jobs in an organization and visualize an underlying web of tasks, we would see that tasks vary in how interconnected they are with one another. Some tasks produce the inputs for other tasks; some tasks use or combine the outputs of other tasks; some tasks always have to happen at the same time; and so on. Because jobs are bundles of tasks, it follows that they will vary in how many task-related connections they will have to other jobs. The technical relationship of jobs through their interdependent tasks is the core of our conception of organizations as complex systems (Appelbaum, Bailey, Berg & Kalleberg 2000) .
Existing theory about organizational routines dovetails with our thinking about task interdependence.
Organizations develop routines to make complex operations faster and more predictable (Nelson & Winter 1982) . Durable routines involve a division of labor and coordination among multiple individuals (Cohen & Bacdayan 1994) . Organizations that have better-established routines out-perform other organizations, in part because they spend less effort and resources on monitoring and disputes over who should do what work.
Yet at the same time, routines are a powerful source of inertia within organizations, because the complex coordination implied by well-developed routines makes changing any one job harder without upsetting the larger routine (Hannan & Freeman 1984) . Partly as a result, prior work has theorized that organizations with more routinized operations are more vulnerable to rapidly changing environments, because the interdependence of tasks within routines makes adaptation more difficult (Sørensen 2002) . We think that a measure like ours, which builds on the overlap of tasks across job descriptions, is a useful way to make this thinking about routines more concrete and testable.
The differing task interdependence of jobs has implications for job change. The circumstances under which jobs die are varied:
[D]esignated funding sources disappear; the incumbent departs and the job is left unfilled (permanently, or on an experimental basis); the job ends during planned reorganization; and the job is terminated in reaction to unexpected threats or shocks to the organization. Jobs are thus terminated, either individually or in large groups, either slowly or in dramatic waves during reorganization or mass layoffs (Miner 1990, p. 199) .
The motivation of organizational decision-makers is similarly varied. In some circumstances, as during changes in strategy or reorganization, managers may choose to pro-actively "kill off" a position. In others, as in the wake of retirements or economic downturns, the same managers may let a job die by not hiring replacements for departing incumbents. We bracket most of these managerial motivations, for the following reason: in each case, the manager who has been driven to decide, for whatever cause, whether to eliminate a job must think through the impact that changing that one job will have on other jobs in the organization. If a job is not very interdependent with others, then all else equal, eliminating it will upset very little elsewhere.
On the other hand, eliminating a job with many interdependencies will also require modifying or at least making sure there are not undue disruptions to those other jobs. Consider two examples, one in healthcare, the other in construction, both drawn from the data examined here.
Therapy clinics have multiple job titles, many of which perform many of the same tasks. For example, a "Physical Therapist" may focus on teaching patients regular exercises to strengthen muscles after surgery or an injury. A "Physical Therapy Clinical Specialist" has a more diagnostic role, designing programs of physical therapy and evaluating whether a patient has recovered enough to return to regular duties; but the clinical specialist must also regularly coach patients through the same exercises that the physical therapist teaches. Meanwhile, an "Occupational Therapy Clinical Specialist" will devise procedures and programs that tailor patients' physical and psychological treatment to the specifics of their jobs, but they also have to be able to assess patients' competence at the types of exercises taught by physical therapists, in order to know whether the patient is ready and capable to handle more job-specific activities. Furthermore, both Physical Therapy Clinical Specialists and Occupational Therapy Clinical Specialists often supervise some of the same lower-level therapy personnel. These jobs perform many overlapping tasks. In this example, several jobs all contribute to the larger project of patient rehabilitation. Because they work on a similar project, the wording used to describe the tasks performed by each of these jobs tends to overlap. The need for each of these jobs to complete that project means that eliminating any one of these jobs is complicated by overlapping responsibilities. The complexity of such overlaps increases with the number of relationships involved. This leads us to hypothesize that, at the margin, jobs that have greater task overlap with other jobs are more likely to survive.
Hypothesis 1 Jobs that have greater task overlap with other jobs will be less likely to die.
We should note that the null hypothesis is compelling here. If a job performs tasks that are performed by many other jobs, then it is conceivable that eliminating the job might be easier. There are more people in the organization who are familiar with some elements of the job, and could presumably take over the bulk of its tasks were it eliminated.
1 In stating our hypothesis, we presume that the fact that the task is being done by several jobs tells us something important about the underlying level of interdependence needed to carry out the larger project, and that this interdependence will dominate any redundancy in the descriptions; but ultimately this is an empirical question.
Turning to the second example: erecting a new building requires framers, electricians, and plasterers, among others. Electricians usually cannot run wiring and conduit through the walls and floors of a building before framers have put the walls and floors into place. Similarly, plasterers cannot (or at least should not)
hang drywall before the electrical work is installed. While there is a great deal of sequential interdependence among them, these jobs do not perform many overlapping tasks-the specific nature of their work is quite different. Management of the interdependencies of this work is rarely handled by the trades themselves.
Rather, contractors working on the building project oversee coordination. There is clearly interdependence between contractors and the building trades, but it takes a different form from the task overlap seen in therapy work. The contractor's interdependence arises because it must coordinate the performance of multiple jobs, even though it has little task overlap with any one of them. For example, the contractor must manage the schedules of when each trade is on site, but the contractor does no framing, wiring, or plastering. The contractor must ensure compliance with building codes, order and receive materials, and liaise between architects and other contractors. In this second example, the contractor contributes to a larger project, but does so through explicit rather than implicit coordination. Their role is necessary, but the tasks they perform look quite different from those performed by any one of the jobs whose work they coordinate. This implies that the interdependence inherent in such jobs will be poorly measured by task overlap. Interdependence for these jobs inheres in the explicit act of coordination: liaising, consulting, interacting, and so on.
Arguably, jobs that involve explicit coordination might be no more or less likely to survive than the jobs they coordinate. Coordination can be thought of as just another function. A product manager fills an important role, but not necessarily one that is more important than the engineer or designer in making the product. In this sense active coordination might not be valued any more or less than other types of tasks. Yet we think that the relationship of the coordinating task to the job structure itself is consequential, perhaps more so than other tasks. Other tasks can be outsourced, recombined in different jobs, or dropped because 1 We thank an anonymous reviewer for this point.
of technological changes; thus jobs that perform these tasks can disappear. For a coordinating job to become unnecessary, though, the entire division of labor that it has previously helped manage must disappear. We are not arguing that, for example, outsourcing a coordinating job is impossible; the prevalence of external contractors in areas like construction attests that this is not so. Rather, the threshold for eliminating jobs that involve explicit coordination should be higher than for other jobs. We say this because organizations rarely hire external parties to coordinate multiple jobs performed by existing employees. Instead it is usually after several such jobs have been outsourced that outsourcing a coordinator job begins to make sense. At the margin, the likelihood of the coordinating job's dying should therefore be lower.
Hypothesis 2 Jobs that involve more explicit task coordination will be less likely to die.
This point about outsourcing coordinating roles after the jobs that they coordinate have been outsourced, as well as the parallel with routines, suggests an additional hypothesis. Technical interdependence makes a job more likely to survive, but it also implies that when a job is eliminated, those jobs that are related to it are more likely to also be eliminated. This would happen for at least two reasons. First, if we imagine a cluster of jobs that are all highly interdependent, a hypothetical manager would find it more convenient or tractable to redesign the entire cluster than to renegotiate all of the tasks and interdependencies within it.
Second and similarly, even were the manager to eliminate one of those highly related jobs without thinking in advance about the impact on the others, eventually the other jobs would suffer and require redesign or elimination themselves. Such cascading effects (Hannan, Pólos & Carroll 2003) would mean that when a job is eliminated, the jobs most technically interdependent with it will have a greater chance of dying.
Hypothesis 3 Deaths of jobs with which the focal job is technically interdependent will increase the focal job's risk of death.
It is worth underlining that most prior work on routines has stressed their ambiguous implications for the survival of organizations. At the level of the job, we have no such ambiguity. More interdependence implies more durable jobs. Yet we fully recognize that such durability is not necessarily good for the organization as a whole. That is, we make no efficiency claims about long-lasting jobs. It is easy to imagine organizations that fail because their members find it too difficult to disentangle the connections between different jobs and thus do not change jobs that "should" change. But organizational inertia does imply job survival, and in that sense is good for the job itself. Hypothesis 4 Closure of the organizational sub-units in which the focal job is found will increase the job's likelihood of death.
How should such closures interact with technical interdependence? We have argued both that being part of a cluster of interdependent jobs should be a protection and that being part of a cluster links a job's life-chances to its neighbors'. When decisions about job elimination are being made at the level of the cluster-that is, when organizations are making strategic or structural decisions that have implications for groups of jobs-we theorize that technical interdependence should protect jobs less. Specifically, in those cases where clusters of jobs are being eliminated-where sub-units are being closed-the technical interdependence of a job within that cluster should provide it little protection. We hypothesize this in terms of interactions between hypothesis 4 and hypotheses 1 and 2.
Hypothesis 5 The protection given jobs by task overlap will be reduced as closures of sub-units in which the job is found increase.
Hypothesis 6
The protection given jobs by task coordination will be reduced as closures of sub-units in which the job is found increase.
We can now summarize how technical interdependence between jobs affects job survival. We begin with the premise that the job structure is a useful way to think about change within organizations, and therefore focus on how that structure affects the survival chances of individual jobs. We conceive of a job structure as consisting of technical relations of task overlap and coordination among jobs. Jobs that are more enmeshed in such relationships are more likely to be protected than jobs that are not. At the same time, interdependence yokes jobs to one another, such that decisions about their survival are themselves interdependent. Thus killing of closely related jobs, or closing sub-units where the job is performed, should counteract any benefits of technical interdependence.
The data requirements for testing these hypotheses are considerable (Miner 1991) . At a minimum, such tests require data on many jobs over a long time span. Those data should include detailed substantive descriptions of each job's duties and qualifications, so that we can construct measures of technical interdependence for each job. An organization that performs many different functions is preferable to a more specialized one, both to give us more jobs and to increase the generalizeability of the results. The organization should also have multiple sub-units and experience reorganizations. We have such data available in job and employment data from a major public American university, to which we now turn.
Empirical setting: A "Multiversity" labor market
The setting for our study is the non-academic internal labor market of the University of Michigan, for decades one of the largest universities in the United States. The university has a large and strikingly diverse internal university like Michigan has several advantages for a study like this one. First, because public universities almost never close down, the school offers us many decades of job and human-resource data that we can use to track the life-spans of different jobs. Second, because public universities' employment practices are often subject to civil-service regulations, there exist detailed job descriptions for positions as disparate as radiologists, glaziers and ships' captains. 2 Third, because the types of jobs at the school are so varied, we can test whether and how sensitive our results are to particular types of jobs.
While the idiosyncrasies of a university help our study design, we stress that the theoretical mechanisms that we posit do not rely on those idiosyncrasies. Our mechanisms draw on theories that were derived in a variety of organizational settings, including for-profit firms (Nelson & Winter 1982 , Morrill 1991 , Bechky 2003a , government agencies (Blau 1963 , Strang & Baron 1990 ), educational institutions (Miner 1987 , Miner 1991 ) and more. These theories are about general organizational processes, such as routines or the division of labor, which organization theorists have long assumed operate upon most orga-nizational forms. Clearly, the most straightforward mapping of results obtained in this context would be to other large, established, hierarchical organizations that perform many functions, and where many different types of jobs exist. We would expect our propositions and findings to apply less well by contrast to smaller, entrepreneurial firms where jobs' task content is more flexible, where jobs have been less separated from the incumbents who perform them, and where rapid organizational growth and change have made it hard to pause and codify tasks in formal job descriptions. The part of our setting that poses the largest problems of generalizeability is the professoriat; for this among other reasons we exclude academic jobs from our analysis.
The human-resource data consist of person-year observations for every employee at the university, starting
in January 1979 and running through December 2009. We have each employee's full name, job title, salary, departmental affiliation and full-versus part-time status. From employee names we were able to impute gender for 98.8 percent of the employees using existing gender disambiguation databases (For the remaining 1.2 percent, we randomly assigned gender based on the university-wide distribution). The complete personnel data consists of 809,259 person-year observations of 111,982 unique employees. We use these human-resource data to construct several of our control variables.
Michigan made major revisions to its human-resources management system in 2005 and changed many job titles. Lest we attribute job death to such reforms, we limit our analysis to persons and jobs that appear The job-description data come primarily from paper descriptions in the archives of Michigan's human resources department. Descriptions were available for 5,131 unique job titles that we reduced to 3,587 unique jobs. We combined job titles if the titles were only slightly different (e.g., using "Mgr" rather than "Manager") and had the same description. The vast majority (more than 98 percent) of job descriptions were issued after 1966. The descriptions have information about the job's duties and responsibilities and the desired qualifications for the jobholder. The descriptions also list the job's pay grade, the description's issue date, whether another job supervises the described job and whether it supervises another job. For example, the job A key assumption of our empirical strategy is that these job descriptions are accurate-that changes in the day-to-day performance of the job are reflected in updates to the job description and vice versa. Given the level of detail in these documents and the frequency with which they are updated, we think this is a reasonable assumption to make. More importantly, we cannot think of a systematic reason why, say, technical interdependence would be associated with less-frequent updating of the job descriptions, and therefore why inaccuracies in these descriptions would contribute anything more than measurement error. In any event, the presence of task content for each job means that we have to make a much weaker assumption than prior work, which typically relies solely on job titles for job content.
We linked the personnel data to the job description data. We excluded all professorial and teaching staff from our employee data, as the university does not have formal descriptions for positions such as Professor.
This reduced the number of person-year observations in our data to 502,961 and the number of unique jobs in the employee data to 2,541. We found job descriptions for 93.5 percent of the person-year observations in the personnel data. (Of the remaining 6.5 percent, more than 97 percent are the academic jobs.)
Because our analytical task is to understand the determinants of job death, we reduced the person-year observations to job-year observations. This reduction results in 2,541 jobs and 36,530 job-years. Our empirical strategy is to use event-history analysis to model when and whether job death occurs. In such models, it is critical for obtaining accurate parameter estimates that observations not be "left-censored" (Singer & Willett 2003) . Our job-description data go back to 1964. Many of the jobs in these data were created before 1964, and are therefore left-censored. Furthermore, our personnel data, from which we construct many control variables, only go back to 1979. To deal with both of these data limitations and to obtain unbiased estimates, we analyze all jobs that were created after 1979. This allows us to trace all jobs in our sample from their birth to their death or right-censoring in 2004. The final sample for the analyses therefore contains 1,405 unique jobs and 15,604 job-years. Below we describe how we constructed the variables used in our analyses.
Measures
Our analytical strategy is to estimate how differences in technical interdependence across jobs affect whether and when jobs die. For hypotheses 1, 2, and 3, we focus on between-job comparisons, for two reasons. First,
we have theorized about why organizational decision-makers would choose to eliminate one job rather than another. Second, while job descriptions, and our resulting measures of technical interdependence, do vary slightly over time, the overwhelming share of variance in jobs' technical interdependence exists between jobs.
Hypothesis 4 is a pooled comparison, reflecting how sub-unit closures can affect different jobs at varying times in their lifespans. Hypotheses 5 and 6, which examine how sub-unit closure moderates the effects of technical interdependence, are in turn between-jobs comparisons.
Dependent variable: Job death
Our key outcome variable is a dichotomous indicator of whether a job dies in a given year. We define a job as being "dead" when the formal position is no longer occupied in any future period. When coding job deaths, we were careful to use the personnel data to double-check that the job was not simply renamed. We could see this happen when for example a job lost all of its incumbent employees between one year and the next and all of the incumbents were present the next year in a common job with a different title. Thus our measure specifically excludes the waves of specious deaths produced for example when the term "supervisor" passes out of fashion in favor of "coordinator," or when draftsmen are re-christened as draftspersons. Figure 1 shows the number of job deaths by year. Deaths increase over time, but this is an artifact of our sampling frame (jobs created after 1979). We include controls for likely secular phenomena such as elections, the business cycle, and the tenure of different university presidents. We also estimate models with five-year fixed effects to account for unobserved temporal shocks (our results are robust to other clusterings of the fixed effects).
[ Figure 1 about here.]
Independent variables
We have described two different ways to operationalize technical interdependence. One is task overlap, the other is task coordination. We hypothesize that both these types of technical interdependencies will have the same effect on job survival. The challenge is to devise separate measures for each.
In order to calculate the task overlap of jobs theorized in hypothesis 1, we use the text from the job descriptions' "duties and responsibilities" sections. We pre-process the text descriptions by converting all words into lowercase and stripping endings, punctuation, and non-alphabetic characters (Hopkins & King 2010 ). Next, we create an annual corpus of duties and responsibilities texts from jobs that were alive in a given year (i.e., had at least one incumbent in the personnel records). Using this corpus, we model each description as a "bag of words" (Harris 1954 ) that ignores word order. Each job description in year t is represented by a 1 × W vector, where W is the number of unique words in that year's corpus. For job i in year t, the value of each element of the vector is set to f w,dt × f −1 w,it , where f w,dt is the frequency of word w in year t's corpus and f −1 w,it is the inverse frequency of word w in job i's duties and responsibilities section. (We take the natural log of f −1 w,it because it gives the resulting variable a more normal distribution.)
These corpus-frequency-versus-inverse-job-frequency weightings let us put more weight on words that are particular to a job description; a word that appears often in a description is given more weight but is then downweighted if the word appears in many other descriptions.
3 To ensure that extremely rare words do not bias the task overlap measure, we exclude from the corpus matrix any words that occur fewer than three times.
We stack these vectors of job descriptions into an N × W job-word matrix. We then produce a symmetric N × N job matrix wherein cell (i, j) records the cosine similarity between vectors (i, .) and (j, .) in the job-word matrix. Cosine similarity measures the overlap of the task content of different jobs. It is bounded between zero and one, where one represents complete overlap. Repeating this process for each year in our data produces twenty-five job matrices. At this point, we have N − 1 pairwise measures of task overlap for each job in each year. Our goal is to have a measure of how much a job overlaps with its neighbors; therefore for each job we sum the five largest elements of its vector in the job matrix. This procedure ultimately yields a measure of how much a job's tasks overlap with those of the five jobs in the university that are most related to it.
This score has a distribution that is approximately normal, with a mean of 2.85 and a standard deviation of 1.04. (Table 3 presents summary statistics for all variables used in our analyses.) Figure 2 gives an impression of how this measure connects different jobs. In figure 2 we draw a link between jobs whose cosine similarity is 0.3 or greater. While we do not use job titles in calculating task overlap, figure 2 shows that this measure is quite accurate in recovering relationships between jobs that we might expect to have overlapping tasks, given their titles.
[ Figure 2 about here.]
To give some concrete examples of how our measure of task overlap works, table 1 shows the five mostoverlapping jobs to focal jobs at different points in the score's distribution, to demonstrate how the components of the score vary. "Locksmith," at the tenth percentile, is a largely self-contained job; the most-3 Intuitively, the corpus frequency versus inverse document frequency measure captures the idea that commonly used words, like "work," provide little information within a corpus of job descriptions but that rarer words, such as "fundraise," provide greater information about what the specific job does and thus which other jobs it is likely related to. We calculate the weighted document-term matrix by first counting the term frequency within a job description, normalized by the number of words in the description. We then weight this count by the inverse document frequency, which is the logarithm of the total number of descriptions in the corpus divided by the number of descriptions which have the word. For example, if the word "analyze" occurs five times in a 25-word description and the corpus contains 1,000 job descriptions of which 500 contain the word "analyze," then the weight would be overlapping job, that of "Supervisor, University Key Systems," only has a cosine similarity of 0.223, and even the fifth most-overlapping job, that of "Heavy Equipment Mechanic," is obviously an unrelated line of work. By comparison, the "Supervisor, Cyclotron Facilities" job, at the twenty-fifth percentile, has at least two jobs with which it shares a substantial number of tasks; and "Physical Therapy Clinical Specialist," at the ninetieth percentile, has at least five related jobs.
[ Table 1 about here.]
An intuitive way to conceive of task coordination as theorized in hypothesis 2 is to consider jobs whose descriptions include words that emphasize explicit coordination. Job descriptions that have more such words in them should entail more coordination with other jobs (Reitzig & Sorenson (2013) adopt a similar word-counting and -classifying approach to measure the innovative content of crowd-sourced ideas). To build such a measure, we scanned through the full corpus of words built from the job-description data. We focused on words that were used more than three times and that were not stop words ("a," "and," "of,"
etc.). We went through this list manually to build our list of coordinating words, because we wanted to include possible mis-spellings that could result from digitizing the original printed job descriptions. Some such words, like "apprentice" and "manage," obviously have multiple meanings beyond task coordination.
We therefore created a smaller list of words that focuses on the variants of "collaborate," "coordinate,"
"interact," "liaise," and "team." Both complete word lists are reproduced in appendix B. We use the shorter list of explicit-coordination words in our analyses here; using the longer list produces substantively similar results.
Our two measures of technical interdependence are correlated, but by no means perfectly so. To more formally validate that our overlap measure operationalizes a separate theoretical construct from the coordination measure, we performed an experiment wherein we presented raters with 1,000 randomly paired jobs (without titles) and asked them to rate on a seven-point scale both how much the jobs' tasks overlapped and how much the jobs generally relied on one another. (Details of this experiment are available in appendix C.)
That experiment revealed that raters' assessment of the jobs' task overlap was most strongly correlated with the cosine similarity scores that our algorithm produced (and which the raters never saw). This increases our confidence that cosine similarity does measure task overlap among these jobs.
A risk of focusing on textual similarity in the descriptions of jobs' duties and responsibilities is that we might just be seeing identical jobs with different titles. It is therefore useful for our analysis that Michigan's personnel system is explicitly designed to limit job duplication. A major goal of the system is to ensure that people who do the same tasks, wherever they are employed, are assigned the same job and evaluated and paid comparably. Thus for example administrative assistants, who work in various departments, centers, institutes and other nooks and crannies of the university administration, are all employed under "Secretary" job descriptions. In sociological terms, these formal job descriptions are better thought of as defining role equivalents than structural equivalents (Winship & Mandel 1983) . We also conduct tests of technical relationships using several alternative operationalizations of overlap, as reported in our robustness checks.
Those operationalizations yield similar results.
To test hypothesis 3, which proposes that jobs are more likely to die when jobs with which they share technical interdependencies die, we calculate for each job the number of their five nearest neighbors on our task-similarity measure that died in the previous year. Different windows produce substantively similar results.
To test hypothesis 4, which proposed that jobs are more likely to die when sub-units in which they are found are closed, we first cleaned up the organizational information in the personnel data. Each employee's records list the sub-unit of the university in which they work in a given year. These might be academic departments, separate centers or institutes (such as the Center for Population Research or the Institute for Political Studies), medical facilities, physical-maintenance plants, and so on. Based on these personnel records, we coded when a sub-unit closed (visible by the disappearance of any employees in that sub-unit in later years). For each job-year, we counted the number of unique sub-units where the job was performed that closed. To test hypotheses 5 and 6, we interact this count of sub-unit closings with our measures of task overlap and task coordination.
Control variables
Our theoretical interest in this study is how the technical interdependence among jobs affects their survival.
However, we know from prior research that "node-level" characteristics of jobs affect their death rates as well. We therefore control for such job-specific features.
First, we control for the size of the job, in terms of the number of incumbents in a given year. We also include fixed effects for the year the job was created and the current time period in all models unless otherwise noted.
Second, we control for job characteristics that are aggregates of the characteristics of the jobs' incumbents.
Jobs that are created with a single individual in mind are more likely to die, because a job's "overspecializing" in one type of person's qualifications and desires makes it harder to secure new incumbents should that person leave (Miner 1987) . We cannot tell in our data whether a job description was written with a single person in mind but we can control for whether the job is a singleton, i.e., has only one incumbent in any given year.
We know that the feminization of a job can reduce its pay, status and chance of survival (Baron & Bielby (1985) , Cohen & Broschak (2014) ; both Shieman, Milkie & Glavin (2009) and Mouw & Kalleberg (2010) review the recent research). We create an indicator of feminization that is set to 1 in a given year if the job's incumbents are more than 80 percent female. (Lowering the threshold for this variable produces expected changes, with both the magnitude and significance of any associated effect decreasing.) Jobs that require greater educational requirements have tended to be more stable (Osterman 1987) ; accordingly, we control for whether a job requires a bachelors degree. Unionized positions are typically more stable because of work rules and seniority provisions. While these data do not have direct indicators of union status, we can get a close approximation by including the FLSA non-exempt status of the jobs. Union jobs are overwhelmingly paid hourly rather than on salary, thus not exempt from the Fair Labor Standards Act; and in Michigan in this time period, hourly jobs are disproportionately unionized. We similarly control for whether jobs are full-time or part-time, calculated based on the average full-time-equivalent compensation of the job's incumbents in a given year.
We presume that higher-status jobs are both better paid and more likely to survive. We therefore include the mean salary of a job's incumbents in each year. We convert the nominal salary from the personnel data into 2011 dollars. Because salary tends to be right-skewed, we include the natural log of this variable in the analyses. We do not make predictions about the effect of incumbents' tenure in a job; we can imagine both that jobs that have held onto their people for a long time fit well with their external environment and that such jobs might have stagnated, for example becoming less adaptable and interdependent with the tasks of other jobs. Therefore we control for the mean tenure of a job's incumbents in the job but do make any directional predictions about its effect. To help capture status, we measure whether a job has hierarchical relationships-that is, whether it is linked to other jobs via formal supervisory relations-based on text in the job descriptions. Those descriptions indicate both whether a job is formally supervised by another job and whether it formally supervises another job. We set a dichotomous variable equal to 1 if the focal job meets either criterion. Fifty-one percent of the jobs in our sample have such relationships.
A potential concern with our analysis is that ultimately what we pick up with our task-overlap measure is not the effect of task overlap per se but rather the fact that different types of jobs are simply more "important" to a university in some unmeasured sense, and that task overlap varies systematically with that importance. In other words, it would be useful to control for the substantive type of job being done, as well as the job's task overlap. Controlling for each different job would make it impossible to identify any model; therefore we need a way to cluster the jobs into a smaller number of job topics, for which we can then include fixed effects. To do this, we used latent Dirichlet allocation, which is an algorithmic method for uncovering latent topics in a large corpus of data, such as texts like we have here. The process, which Blei, Ng & Jordan (2003) describe in detail, can be summarized as follows. First, the analyst specifies the number of desired topics. Second, probability values are assigned to each word, indicating how likely the word is to belong to each topic. Finally, each document is assigned a probability of belonging to each topic, based on the underlying probabilities of its constituent words. We experimented with different numbers of topics and found that the algorithm produced no substantial changes to the corpus classification if we raised the number of topics above ten. We therefore fit the LDA model using ten topics and the variational EM method as implemented in the topicmodels package in R. We fit the model using the text corpuses pooled across all years and discard any term that appears fewer than five times. We decided to pool the descriptions in this procedure to capture "timeless" latent categories of jobs within the university, which, overall, should remain stable even if individual jobs within a topic area are born and die over time. The LDA procedure produces for each job ten values indicating the probabilities that a job belongs to each topic. We dichotomize each variable such that a job belongs to a topic if its probability is greater than 0.2. Table 2 presents the ten topics with representative words and jobs for each.
[ Table 2 about here.]
In robustness checks described below, we test whether our results are sensitive to larger forces that might impel job elimination. For each year, we therefore calculated the logged university budget based on appropriations from the Michigan congress. We also recorded whether the congress was under GOP control in each year. We proxied for broader economic conditions by including the state's unemployment rate, which-given the importance of manufacturing in Michigan-was a bellwether throughout this period. We also record the university's rankings by US News & World Report, to capture any shocks related to change in the school's status. We count the number of years since a new president was chosen for the university, and the number of dean changes that occur across a job's sub-units, to capture any likely strategic shifts by the university administration. Finally, we record for each job description whether it was revised in any given year and its cumulative revisions over time. Table 3 presents the summary statistics for the variables used in our analyses. Table 4 presents bivariate correlations among the variables.
[ 
Results
To test our hypotheses, we estimate Cox hazard models. Our models estimate whether technical interdependencies are related to a job's hazard of death. We introduce the control variables as described above. Our data consist of job-year observations. Because we have repeated individual observations of jobs, we cluster our standard errors at the level of the job to take into account the non-independence of those observations. 4 Table 5 presents the estimations. Model 1 shows the main effects of task overlap and task coordination, as well as fixed effects for the job's cohort (the year the job description was published) and the time period. The coefficient on task overlap is negative and significant, which supports hypothesis 1. Jobs whose constituent tasks overlap are less likely to die. A one-standard-deviation increase in task overlap reduced a job's hazard of death by about 10 percent. This technical interdependence is a non-trivial factor in a job's life chances.
As seen for example in later models, it can almost offset the penalty associated with a job's being feminized (Baron & Bielby 1985) . The coefficient on task coordination is negative in model 1 but not significant. Once we include job size in model 2 and all subsequent models, it is significant. 5 Its size is also comparable to that of task overlap: a one-standard-deviation increase in the number of coordinating words reduces a job's hazard of death by about 8 percent.
[ Table 5 about here.]
Model 3 introduces the "job-level" controls. As expected, single-person jobs and jobs with high shares of female incumbents are more likely to die. Jobs that require a bachelor's degree or higher are less likely to die, but this effect is not significant. Mean tenure increases the hazard of job death, but this effect is substantively trivial. The effects of logged mean salary and FLSA status are not significant. On the other hand, full-time jobs and jobs that are embedded in hierarchical relationships are much more likely to survive.
Model 4 introduces fixed effects for the various job topics. Including these topics improves the model fit but leaves the estimated coefficients on our variables of interest substantively unchanged. Our results do not appear to be artifacts of the underlying task content of the jobs.
Model 5 tests hypothesis 3, that a job is more likely to die when jobs that are technically interdependent on it die. The count of the job's nearest neighbors that died in the previous year is positively and significantly associated with a greater hazard of job death. This lends support to hypothesis 3: interdependent groups of jobs die in groups. In addition to supporting hypothesis 3, the results in model 5 also bolster support for hypothesis 1. We say this because when a job's nearest neighbor dies, the focal job's overlap score decreases; when updated in the next year, its five nearest neighbors will have lower average overlap with it. We have 4 We decided to cluster our standard errors on the job because the auto-correlation between our measure of interdependence within a job over time is the factor that is most likely to artificially deflate our standard errors. While in principle jobs could be clustered by the sub-units in which they are performed, this is impossible in practice because standard clustering techniques would require a unique sub-unit for each job in each year. Cross-clustering meanwhile requires mutually exclusive categories on which to cluster. In practice, multiple jobs are performed across sub-units every year. One could cluster the standard errors by job topic, but this requires treating the dataset as only ten independent observations. Furthermore, we do not believe that the auto-correlation across jobs and years within a job topic is a likely source of bias in our standard errors.
5 Coordination words are over-represented in very small and very large jobs. Among these high-coordination jobs, more are small than large. Because smaller jobs are more likely to die, if we do not control for job size then the effect of task coordination is swamped by the effect of job size.
theorized that lower task-overlap scores reflect jobs that are less technically interdependent with other jobs.
However, because the death of task-overlapping jobs can also lower the score, our measure of task overlap might be confounded with other contagious processes. Because we can explicitly control for the death of neighboring jobs in model 5 and see that the coefficient on task overlap does not change, we have greater confidence that the latter reflects our theorized mechanism.
Model 6 introduces our measure of closed sub-units, to test hypothesis 4. Its effect is positive but insignificant. By contrast, model 7 includes both this measure and interactions between it and our two measures of technical interdependence. In this model, we find that increasing the number of sub-units that are closed washes out the effect of task overlap on job survival. Simply put, being part of a cluster of related jobs does not seem to provide protection when clusters of jobs, rather than individual jobs, are being eliminated. However, the interaction between task coordination and sub-unit closure is not significant. Jobs that liaise with or coordinate across other jobs are no more or less likely to die when sub-units in which they are performed close. This pattern makes some intuitive sense, given that many liaison or coordinator jobs exist precisely to coordinate across organizational sub-units. Taken together, models 6 and 7 provide support for hypothesis 5, but not for hypothesis 4 or 6. We think that the non-support for hypothesis 4 in particular points to why it is important to theorize about jobs separately from the people who perform them. Closing a sub-unit virtually always implies laying off people; yet the same closure need not imply killing a job, which may continue to be performed elsewhere in the organization.
Finally, it is worth noting that controlling for sub-unit closure does not materially alter our estimate of the main effect of task overlap on job death. That is to say, the effect of technical interdependence exists above and beyond such higher-level, strategic reorganizations.
Robustness checks
In the analyses presented above, we made several methodological choices about how to construct our measure of task overlap. We conducted several tests of whether our results are robust to alternative specifications of that variable. First, we examined whether our findings depend on the number of nearest neighbors that we use to define the score. We re-estimated our complete models of job death using measures of overlap calculated with different numbers of neighbors. The magnitude of its effect decreases as we increase the number of neighbors from five to ten, but this is consistent with adding noise to the measure. (Full results are available on request.) Even the noisiest measure remains negative and statistically significant. Second, our parameterization of task overlap assumes that its effect is linear. This is an empirical question; the true effect may be non-linear, dependent for example on extreme values of underlying cosine similarity. To double-check our linearity assumption, we estimated a non-parametric LOWESS regression. The results, available on request, show that the effect of a job's level of task overlap does indeed have a negative and approximately linear effect on the rate of job death.
All of our event-history models analyze jobs created after 1979. We do this because of left-censoring and missing data on older jobs. We argue that our results on this sub-sample of the data can be generalized to the entire dataset, but we also recognize that there might be systematic differences in the types of jobs that were created before and after 1979. In particular, university staff and administrative positions have grown rapidly in recent decades, outpacing growth in all other types of jobs. If technical interdependencies were somehow to operate differently between these newer jobs than between older ones, generalizing from our sample to more jobs would be questionable.
To explore this issue, we took advantage of the job-topic fixed effects that we have calculated. We currently assign each job to one of ten substantive categories based on the language used in the description's duties and responsibilities. Table 6 shows the breakdown of all the jobs in our data set by substantive type, as well as by whether the jobs are omitted by our sampling criterion. Table 6 shows that, indeed, jobs that are more related to equipment, maintenance, and physical plant more generally are more likely to have been born before 1979 and thus omitted in our analyses. Meanwhile, jobs that are more related to programs and administration are more likely to have been included.
[ Table 6 about here.] To see what effect these differential rates of inclusion have on our results, we reweighted the data based on job types. Specifically, for each of our ten substantive job-type categories, we calculated the probability that a job in that category would be omitted due to our sampling criterion. We then applied these probability weights to the observations in our sub-sample. Thus if a job category had twice as high an exclusion rate as the overall data then the included jobs in that category would receive a probability weight of 2. We then re-estimated all of our main models on this weighted dataset. The results, which are available on request, show no substantive differences from our main results. We are therefore confident that our findings are not an artifact of our sampling scheme.
In our main analyses, we focused on the closure of sub-units as an example of larger strategic organizational choices that might affect job death. We also wanted to ensure that our main results are not confounded with other environmental changes that could affect the job structure. Model 8 of table 7 includes several such environmental controls, as described above in the construction of the control variables. Because these controls only vary by year, model 8 does not include time-period fixed effects. Their inclusion does not change our main results, and most are not significant. A perhaps surprising exception is GOP control of the state congress. The university has tended to eliminate more jobs when Republicans hold the legislature.
[ Table 7 about here.]
In model 9, we include variables that might pick up internal strategic changes that could affect job survival. We control for the number of sub-units in which a job is found. A job's being performed in more sub-units reduces its chances of death, which makes intuitive sense; however, it does not alter the parameter estimate for the number of sub-units that are closed. Dean changes have no significant effect on job death.
Finally, model 10 explores how the effect of technical interdependence evolves over time. Job descriptions can be revised from year to year. Frequent revisions to a job's description could both affect its technical interdependencies and reflect uncertainty about what the job really should do, introducing spurious correlation between the technical-interdependence variables (which leverage the text of the descriptions) and job death.
To test whether revisions to a job's description mediate the effect of technical interdependence, we controlled for whether a job's description was revised in the current year and the count of the number of changes over the job's history. Both effects are in the expected direction but neither is statistically significant, and the effect of our measures remain unchanged.
Overall, these robustness checks give us additional confidence in the pattern of results that we find. Jobs that are linked to other jobs by task overlap and task coordination are more likely to survive. Like prior studies, we find that "job-level" characteristics like feminization, job size and the job's status affect its life chances; but the structure of technical relationships between jobs within the organization plays a role in job survival and death even when such job-level features are taken into account.
Discussion and conclusion
The idea that jobs are linked together in structures is fundamental to theories of organizations as systems.
Like those systems, job structures are not static. They change in response to environmental pressures, strategic shifts, and individual decision-making within the organization. Thus a central question in organization theory is how jobs structures change and evolve over time. While prior work has theorized about job structures, we have few direct investigations of such changes. Because we were long unable to observe job structures directly, our theories have tended to polarize into more macro-and micro-organizational camps (Barley & Kunda 2001) . Devising detailed yet generalizable ways to measure job structures holds the promise of returning our focus to the "meso"-level elements of the organization that have been so fruitful for theory development in the past, and could be again in the future.
The goal of our study is to return to a more meso-level perspective on organizations and organizational change. We do this by theorizing about, devising better measures of, and testing the implications of technical interdependence for the survival chances of specific jobs. Technical interdependence has long been a core concept within organizational research (Nelson & Winter 1982 ), yet the data requirements to calculate interdependence among large numbers of jobs have long frustrated researchers. We operationalize technical interdependence in two ways: as task overlap and task coordination between jobs. We construct measures of each that are generalizable but that still let us control for the substantive task content of many diverse jobs.
The advantage of this approach is that we can analyze job structures in far greater substantive detail than most macro-organizational work has, while obtaining more representative and generalizable results than case studies can provide.
In this study, we exploit an unusually large and detailed corpus of job descriptions and personnel records that covers tens of thousands of employees and more than 1,400 jobs in one of the United States's largest public universities. We use modern text-analysis techniques to compute measures of task overlap between each pair of jobs, leveraging those descriptions' detailed lists of tasks and responsibilities. We find that interdependence with other jobs, operationalized either as task overlap or as task coordination, protects a job. Thus at the dyadic level, interdependence unequivocally helps job survival. Yet when we shift our focus to the larger job structure, we find that such interdependence is a two-edged sword. Because interdependence ties a job's survival to its neighbors', the death of other jobs in the focal job's cluster increase its chances of death. We also find that the benefits of task overlap disappear when restructuring eliminates sub-units in which jobs are performed. Thus while technical interdependence can protect jobs in the course of day-to-day decision-making within organizations, larger strategic decisions can swamp its effects.
One intriguing contribution of this meso-level finding is its implications for macro-organizational behavior.
We have argued that technical interdependence is "good" for a job, in the sense that it makes the job less likely to die. As we discussed above, such interdependence is not necessarily "good" for the organization in which the job is performed. If one were to compute task overlap and coordination measures for the job structures of many organizations, several research questions could follow. Organizations with highly interdependent routines that require careful coordination across multiple jobs are organizations that would have to make large strategic shifts or else lamely suffer in the face of environmental changes. Thus future research might ask whether organizations with slower-changing collections of jobs die at faster rates than organizations with more volatile collections of jobs. Similarly, we might hypothesize that organizations with more interdependent jobs tend to undertake fewer day-to-day job revisions, but more large strategic shifts, than organizations with less interdependent jobs. In effect, measures such as we have constructed here can be related not just to job change but to higher-level outcomes like organizational performance and survival.
These findings also have potential implications for individual-level outcomes. For example, our findings jibe with many theories of segmented labor markets (Piore 1973 , Gordon, Edwards & Reich 1982 , Lang & Dickens 1994 , but go one step farther. Traditional labor-segmentation theory argued that employment relations were more unstable for individuals in peripheral jobs, but left unasked whether the jobs were also less stable. More recent work on "networked" and project-based labor markets that exist between and beyond firms (Bechky 2006 , Barley & Kunda 2004 implicitly presume that jobs and roles are subject to frequent change but, perhaps because of the starting premise that jobs can be identified with projects, have not investigated the correlates of such job turnover within particular labor markets. We think that the techniques that we have developed here suggest another way to identify the "precarity" of particular jobs (Kalleberg 2011) , above and beyond categorical indicators like full-time/part-time or permanent/temporary.
What is not clear from our data, but could be explored in future research, is whether the precarity of the job itself within an organization is correlated with the conditions and security of employment for the workers who hold the job. In organizations with more frequent redefinitions of jobs, it may also be possible to examine whether changes in task interdependence are themselves predictive of changes in job quality for the employee, as well as changes in the job's survival chances.
A similar extension of this research would be to explore the relationship between changes in a job structure and changes in the characteristics of the incumbents who fill positions within the structure. We can imagine for example that, where ascriptive differences divide a workforce, job descriptions might be revised over time to involve less task overlap and coordination between the two sets of jobs. Alternatively, we might hypothesize that increasing task overlap between jobs might reduce occupational segregation. More generally, this approach gives us a new window into how formal organizational structure and practice might change in response to demographic shifts, and vice versa.
Our study is methodologically novel as well. We have collected one of the largest longitudinal corpuses of formalized job descriptions and human-resource data to date. The nearly complete data on the various types of jobs in this internal labor market, ranging from janitorial staff to senior academic administrators, as well as the relatively long time-span, allow us to more cleanly isolate the effects of task overlap and coordination. Our rich data allow us to take into account heterogeneity among jobs with respect to their internal demographic composition, task content, rewards, and any sectoral effects of the time in which they were created. Furthermore, we control for macro-economic and strategic forces that are also likely to affect whether jobs survive or disappear.
A study like this is a consequence of many types of advances. One such advance is that we now have technologies that can quickly and cheaply convert data like these-thousands of Xeroxed pages of job descriptions that had sat in file cabinets for decades-into a rich corpus of digital text. But data like these, as such, are not rare. Many organizations today record similarly rich, detailed descriptions of jobs and tasks in digital formats. Thus the other advance has been the flurry of new techniques for extracting meaning from large bodies of textual data. Our measures are certainly not perfect proxies for concepts like task overlap and coordination, but they go far beyond needing to rely for example on the hand-coding of job titles. We anticipate that future research could similarly combine large bodies of text about organizational processes and the modern tools to analyze them to help answer, and in some question to breathe new life into, classic questions of organizational behavior.
That said, our study does have several important limitations. One has to do with how our measure of cosine similarity relates to the theoretical concept of task overlap. Jobs can overlap in tasks for many reasons. For example, two jobs may resemble one another because they perform the same work (functional); but they may also resemble one another because they contribute to the same product or process (divisional).
Our measure of cosine similarity confounds such resemblances, but in practice their effects on job survival could differ. Functional overlap might make a job easier to eliminate because it offers opportunities for the organization to streamline operations and reduce costs, while divisional overlap might make a job harder to eliminate because the need for coordination is inherent to the division of labor. Our results suggest that, in this setting, the overall effect of task overlap is to increase job survival, but in an organization that is less functionally differentiated than a large research university the countervailing impact of functional overlap might be greater. Future research in different types of organizational settings, where these two types of overlap vary and can be better distinguished, would help address this limitation.
Second, we conduct our analysis within one organization, a large university system. This may make our results less generalizable. As we discussed above, we think that our findings are most relevant for larger, more established, and more hierarchical organizations. These are the types of organizations likely to have both a detailed division of labor and the personnel policies that would document and record specific practices across the resulting jobs. Ultimately we believe that this limitation can be both explored and overcome in future studies by collecting similar data for other types of organizations and for different time periods.
Indeed, by relaxing several of these scope conditions-by studying smaller firms where one job combines the tasks that would be done by several jobs in a larger firm, newer firms where job descriptions are more in flux, and "flatter" firms where jobs are less defined by their contribution to one part of a complex division of labor-it may be possible to theorize and explore changes in technical interdependence. In our setting, there is relatively little within-job change in technical interdependence over time. This limits our ability to study why and how a job could become more or less interdependent with other jobs, and the consequences of such within-job changes for survival and other outcomes. Thus applying our approach, for example to personnel and job-description data from other organizations, would be useful not only to test generalizability but also to test which scope conditions matter most for the effects we find.
A final limitation is that we cannot make strong causal claims with observational data such as these. We think that the most likely source of endogeneity in the present study is that some administrators could design some jobs to die. By this we mean that the administrator conceives of a job as temporary and/or intended for a very specific purpose, and therefore writes a job description that downplays or ignores any task overlap or coordination with other jobs. Even if this were true, the "peripherality" of the job description would lead to job death; but this would be owing to the prior design decision, which is a different mechanism than we have discussed here. Our data make this impossible to rule out, because we do not have information on the job-creation process.
Future research could try to address such endogeneity concerns in at least two ways. One is to gather more detailed information on the creation as well as the death of jobs. Another tactic would be to explore settings where the effects of task overlap and coordination themselves can be more cleanly identified. Such identification would require some sort of exogenous shock to the organization or jobs. A research setting like the one that Fernandez (2001) exploited to study technological change's effects on wage inequality is a useful prototype: in that case, tasks were assigned to different jobs but the firm and the workforce were held constant, and the outcome was cleanly mapped onto the theoretical constructs. Future studies on these lines could accomplish two things. First, they can clarify the effects of different types of interventions on job structures, which has obvious normative implications. Second, they can help clarify theory by describing the specific channels through which relationships between jobs mediate organizational change.
A Appendix: Some sample job descriptions 
CHARACTERISTIC DUTIES AND RESPONSIBILITIES
• Act as Chairperson of the project Steering Committee, facilitate decision-making and document and refer appropriate issues to the Sponsoring Committee.
• Direct the project-related activities of Steering Committee members.
• Act as the Steering Committee liaison to the Project Sponsoring Committee for issue presentation and resolution and participate as a member.
• Manage the project operating budget.
• Manage the project plan, make staff assignments and monitor progress.
• Act as the primary contact to the Sigma Corporation and provide onsite leadership to Sigma staff.
• Prepare and coordinate the preparation of special and period reports for the Sponsoring Committee.
• Provide information and presentation materials as requested to the Director of the Office of Financial Aid and others for dissemination to the University community.
• Participate in other Academic Affairs or Office of Financial Aid activities.
• Assure compliance with affirmative action and safety programs.
SUPERVISION RECEIVED
General supervision is received from the Associate Vice President for Academic Affairs.
SUPERVISION EXERCISED
Functional and administrative supervision is exercised over professional and office staff. QUALIFICATIONS
• A Bachelor's degree in mathematics, computer science or a related field, or an equivalent combination of education and experience is necessary; a Master's degree is desirable.
• Considerable progressively responsible systems development and programming experience is necessary.
• Reasonable supervisory and administrative experience is necessary.
• Reasonable knowledge of management procedures and methods is necessary. 
BASIC FUNCTION AND RESPONSIBILITY
To manage the administrative and operational activities of several media production support service units.
CHARACTERISTIC DUTIES AND RESPONSIBILITIES
• Plan, prioritize and assign the work of unit's support personnel.
• Coordinate the flow of services between support units and to users.
• Participate in planning and policy making committees.
• Recommend the acquisition of equipment for support units.
• Evaluate and recommend organizational changes and staffing levels.
• Interview, evaluate and recommend salary adjustments for support personnel.
• Develop and recommend policies and procedures for support units.
• Assist in the preparation of cost estimates for service unit clients.
• Supervise the scheduling and activities of media unit production crews.
• Assist producers by evaluating the need for and capabilities of production support service units.
• Approve the scheduling production services and unit activities.
• Monitor progress of projects to assure adherence to budget and completion on schedule.
• Supervise the film and video archives.
• Monitor and approve the expenditure of funds.
• Produce and direct media programs.
SUPERVISION RECEIVED
Direction is received from an Executive Producer or other designated official.
SUPERVISION EXERCISED
Functional and administrative supervision is exercised over supervisors and support staff. QUALIFICATIONS
• Bachelor's degree in communication or a related field or an equivalent combination of education and experience is necessary.
• Reasonable experience in media production is necessary.
• Reasonable knowledge of production support services in necessary.
• Some supervisory or administrative experience is necessary. 
CHARACTERISTIC DUTIES AND RESPONSIBILITIES
• Examine and evaluate patient orthotic needs in relation to disease and functional muscle loss.
• Examine and measure affected areas for factors affection the fitting of the orthoses.
• Determine type, design and specifications of the orthoses to be made.
• Facilitate and fit orthoses in consultation with physicians and patients.
• Select the components and materials necessary to fabricate orthotic devices.
• Determine the repair and maintenance of orthotic systems.
• Participate as a group member of the rehabilitation team.
SUPERVISION RECEIVED
General supervision is received from a designated official and from the medical staff. SUPERVISION EXERCISED Functional supervision may be exercised over Orthotic Technicians, trainees, and volunteers. QUALIFICATIONS
• Bachelor's degree in Orthotics or equivalent combination of education and experience is necessary.
• Eligibility for certification by the American Board for Certification in Orthotics and Prosthetics is necessary. C Appendix: Validation of interdependence scores
As described in the text, we want to ensure that our cosine-similarity measure properly operationalizes the amount of task overlap between jobs. We formed the impression that it does after reading several hundred job descriptions, but we wanted to externally verify this. To do so, we fielded an experiment using Amazon's Mechanical Turk service (Mason & Suri (2012) review the types of research, including experiments, that have used crowdsourcing services). We presented subjects with the characteristic duties and responsibilities texts from two jobs and asked them to carefully read over them. We then asked them to rate, on a seven-point Likert scale, their agreement or disagreement with two questions: "These two jobs do exactly the same type of work" (to operationalize task overlap) and "These two jobs do not do exactly the same type of work, but cannot get their work done without one another" (to operationalize task coordination).
There are thousands of jobs and thus millions of potential pairs of jobs in our data, which makes comparing all job pairs infeasible. Our primary interest is in why people think that jobs which we know have high cosine similarity earn the score they do. We therefore randomly sampled 20 jobs from those in the top quintile of the cosine similarity score. We then pulled each of those jobs' five nearest neighbors on cosine similarity, yielding 100 pairs. To generate a pool of pairings for subjects to evaluate, we included each of these 100 pairs five times. We added another 200 pairs generated by randomly drawing pairs of jobs from these 20 jobs and their neighbors, in order to check the lower tail of the cosine-similarity distribution. Finally we included 100 empty pairs to use as survey attention checks.
We gathered comparison data from 25 online subjects. We used a multi-level linear regression model to predict cosine distance based on the subjects' Likert scorings; we use the multi-level model to capture random effects for each subject (Gelman & Hill 2007) . The interpretation of such a model is that positive and significant correlations between a Likert score for a given question and our cosine-similarity score implies that the subjects agree with that question's interpretation of cosine similarity. (As mentioned in the text, subjects did not see the cosine-similarity scores.) The results of our model, included below, provides strong evidence that our measure captures the concept of task overlap. In order to control for the possible confounding effects of substantive job content when testing for task overlap, we include fixed effects for each substantive job topic beginning with model 4 of Table 2 : Most representative job titles within each of the ten job-topics used in the analysis. Each job topic is identified by a number and the three most representative words in the job descriptions associated with that topic. The year shown for each job is the year the job description was published or revised. 
